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PREFACE

Model studies of the Blue River channel improvement project

were authorized by the Office of Chief of Engineers, on 24 October

1979 at the request of the U.S. Army Engineer District, Kansas

City. Model studies were conducted at the Division Hydraulic

Laboratory, U.S. Army Engineer Division, North Pacific, during the

period July 1980 to February 1982.

The studies were conducted by Mr. A. G. Nissila who was

assisted by Mr. R. R. Stocker under the direct supervision of

Mr. R. L. Johnson. The Director of the Laboratory was

Mr. P. M. Smith. This report was prepared by Mr. M. M. Kubo,

Hydraulics Section, U.S. Army Engineer District, Seattle.
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ODNVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UN17 OF HEASURE1ENT

U. S. customary units of measurement used in this report can be

converted to metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

miles 1.609344 kilometres

feet per second 0.3048 metres per second

cubic feet per second 0.0283168 cubic metres per second

pounds (mass) 0.4535924 kilograms
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BLUE RIVER CHANNEL IMPROVEMEgNr PROJECT AT KANSAS CITY, MISSOURI

Hydraulic Model Investigations

PART I: INTRODUCTION

The Project

1. The Blue River--frequently referred to as the Big Blue

River for clarification from its neighboring Little Blue River-is

a right-bank tributary of the Missouri River (figure 1). The

project consists of improving the existing channel from its con-

fluence with the Missouri River upstream for approximately 12

river miles (plate 1).

2. A major portion of the project is in a highly congested

industrial area with numerous street, highway, and railroad

bridges. Space permitting, the improved channel would consist of

an earth-cut section with riprap as required. In more-confined

areas the channel would be a rock shell section with steeper side

slopes and narrower top width. A concrete-lined channel would be

provided in the vicinity of the Armco rolling mill where rights-

of-way are not available for an earth-cut or rock shell section.

3. The channel improvements were designed for a discharge of

35,000 cfs with a coincident 10-year-frequency flood on the

Missouri River. The design discharge represents approximately a

30-year-frequency flood. The water surface profile used for

design of the project was based on a step-method energy balance

computation which considered the Manning friction factor value "n"

to range from 0.012 in the concrete-lined section to 0.06-0.10 at

timberlines or congested overbank areas.
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Need for Model Studies

4. The design for channel improvement of the Blue River was

in accordance with sound engineering procedures; however, the need

for a model study was considered essential due to significant

energy dissipation problems expected at some bridge locations with

the possible occurrence of a hydraulic jump under certain condi-

tions. Final design configurations of the bridges affected were

to be dictated by results of the model study. The model study was

considered essential to insure the integrity of the channel design

while attempting to minimize the real estate requirements by the

city of Kansas City.
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P ART II: THE MODEL

Description

5. Constructed to a scale ratio of 1:40, the model included

the 3,443-foot-long concrete-lined channel section adjacent to

the Armco rolling mill, 4,322 feet of rock shell channel, 609 feet

of grouted riprap channel followed by 2,397 feet of rock shell and

earth-cut channel, and the overbank flow area in the Armco rail

yard adjacent to the concrete channel. The reach modeled con-

tained 11 bridges and the Independence Avenue overpass in the rail

yard. The area was bounded by high ground and buildings of the

steel mill that acted as principal flow boundaries. The main

study area was at bridges B-5 and B-6, which were located at the

downstream end of the concrete channel. The bridges had large

skewed piers in the channel and were located in the middle of a

curve that extended into the riprapped channel downstream.

Details of the model as originally studied are shown on photo-

graphs 1 through 11 and plates 2 and 3.

6. The model was supported by wood or steel stringers between

pipe and timber bents that could be adjusted vertically as

required. The channel and overbank topography were constructed of

concrete grout. All bridges were constructed of plastic and

fine-finished painted wood. The section simulating the concrete-

lined channel was slope corrected for a discharge of 35,000 cfs

and finished with epoxy paint to compensate for the excessive

roughness of the model. The rock shell channel was roughened with

concrete stipple and small rock, and brushy overbank areas were

roughened with cubes of rubberized hair (photograph 9). All

buildings were made of styrofoam blocks that were cut to shape.
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7. The model was calibrated by varying the roughness of each

reach so the water surface slope with the design discharge condi-

tion (35,000 cfs with tailwater coincident to 10-year flood on the

Missouri River) reproduced the water surface computed for that

reach (plate 4). The slope correction incorporated into the

concrete channel reaches was slightly greater than required and

these reaches were roughened with small gravel (photograph 12) to

reproduce the computed water surface. Model operation prior to

testing indicated that the left bank transition from earth cut to

rock shell upstream of bridge B-10 and the right bank alinement

upstream of bridge B-6 caused flow separation (photograph 13).

The abrupt bank sections were redesigned and incorporated into the

model as shown on plates 2 and 3 and considered part of the origi-

nal design for testing.

Scale Relationship

8. The required similitude of the models to the prototype was

obtained with the following scale relationship based on the Froude

model law:

Dimensions Ratio Scale Relationship

Length Lr = Lr 1:40

Area Ar = Lr2  1:1600

Velocity Vr = L /2 1:6.325

Time Tr = Ll/2 1:6.325

Discharge Qr = L5/2 1:10,119

Roughness Nr = Lr1/6 1:1.849
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PART III: TESTS AND RESULTS

Original Design

General Flow Conditions

9. Tests were accomplished to observe general flow conditions

in the model with river discharges of 10,000, 20,000, 35,000

(design discharge), 42,000 (50-year discharge) and 52,800 cfs

(100-year discharge) with the design tailwater condition (eleva-

tion 736) which represents the 10-year frequency Missouri River

water surface elevation at the mouth of the Blue River. The

35,000-, 42,000-, and 52,800-cfs dicharges were also observed with

a lower than design tailwater condition to determine the affect of

tailwater conditions on the design features of the Blue River

project. For this latter evaluation, the tailwater used in the

model was the minimum that physically occurred in the model with

unrestricted outflow for the Blue River discharges tested. The

conditions depicted in the model for the low tailwater condition

are considered conservative because the tailwater simulated was

actually lower than that which would occur in the prototype with

backwater from the Missouri River.

10. Water surface profiles with the design tailwater are

shown on plate 5. Flow conditions with discharges up to 35,000

cfs (design discharge) were acceptable with the flow generally

confined within channel. Although minor flooding occurred over

low bank areas in the vicinity of, and downstream from, the

grouted riprap section, such flooding in this area was considered

acceptable. Small, but acceptable, eddies occurred at numerous

locations. Flooding limits, channel velocities and flow condi-

tions with 35,000 cfs flow are shown on plates 6 and 7 and photo-

graphs 14 through 16. The floodwall (top elevation 744) protecting

the rolling mill along the left bank of the channel between
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bridges B-6 and B-7 was not overtopped. Flow in the curves near

the upstream end of the floodwall near bridges B-7 and B-7A was

superelevated 1.4 and 0.8 feet, respectively. Localized areas of

supercritical flow occurred around the main in-channel piers of

bridges B-5 and B-6. Overbank flow initially began with a dis-

charge of about 37,000 cfs and occurred along the left bank of the

channel between stations 470+00 and 490+00 (bridge B-10). Exten-

sive overbank flooding through the rail yard on the right bank of

the channel between stations 490+00 and 528+00 (bridge B-7) occur-

red with a discharge of approximately 40,000 cfs. Flow conditions

with a discharge of 42,000 cfs (50-year flood) are shown on plates

8 and 9 and photographs 17 through 19. The entire length of the

floodwall at the rolling mill was overtopped. With a discharge of

52,800 cfs (100-year flood), the entire area modeled was flooded.

As shown on plates 10 and L1, water overtopped the right bank near

station 487+00 (just upstream from bridge B-10) with velocities of

7 to 8 fps, flowed overland through the rail yard with velocities

up to 11 fps, and reentered the main channel at numerous locations

between stations 500+00 and 545+00. Photographs 20 through 22

show flow conditions along the channel reach.

11. Channel flow was subcritical with all discharges tested in

the model. The maximum capacity of the low-flow channel of the

concrete section of the project was determined to be 315 cfs at

which time water was at full depth near the upstream end of the

low-flow channel.

12. Water surface profiles in the channel with the minimum

possible model tailwater are shown on plate 12. With Blue River

discharges of 35,000, 42,000, and 52,800 cfs, the minimum model

tailwater was 7.7, 6.8, and 6.1 feet lower than the design tail-

water condition, respectively. Flow conditions with the various
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discharges tested are shown on plates 13 though 18. With the

design discharge--35,000 cfs--flow was confined to the channel and

bottom velocities in the earth-cut section between stations 555+00

and 577+00 ranged from about 8 to 19 fps. This was approximately

a 40-percent increase over velocities which occurred through that

reach with the design tailwater condition. Overbank flow condi-

tions through the rail yard with discharges of 42,000 and 52,800

cfs were similar to those which existed with the design tailwater

except that water depths with the low tailwater condition were

about 0.5 foot less.

Bridges

13. Flow conditions around the numerous bridges existing in

the project area were of primary interest in the model study.

Tests were accomplished with discharges of 35,000, 42,000, 52,800,

and 71,000 cfs to evaluate effects of bridge piers and pier modi-

fications, debris accumulations at bridge openings, and bridge

failures. The 71,000-cfs discharge was approximately the maximum

that could be contained in the model and is considered representa-

tive of the standard project flood for that portion of the river

valley represented by the model.

14. With the design discharge and tailwater, flow impinged on

bridges B-4, B-6, B-7, B-7A, and B-10. Flow conditions at bridges

B-4, B-5, B-6, and B-10 are shown on photographs 23 and 24.

Plates 19 through 25 show water surface cross sections both up and

downstream from bridges B-4, B-5, B-6, B-7, B-7A, B-8, and B-10

for various discharges with the design tailwater condition.

Bridge head loss from the upstream side of B-6 to the downstream

side of B-5 with the design discharge and tailwater was 2 feet and

increased to 4.4 feet with the minimum tailwater condition.

BA



15. Flow conditions at bridges B-5 and B-6 with their existing

piers are shown in photographs 25 and 26 and on plates 26 through

29 for the design discharge with design and minimum tailwaters.

The center pier (pier 2) of bridge B-6 was large, blunt nosed, and

skewed to the flow near the center of the channel and the large,

skewed right pier of bridge B-5 was in its wake. The maximum

water surface differential side to side on the B-5 bridge piers

was 9 feet with design tailwater and 11 feet with minimum tail-

water.

16. Due to the flow impingement and a potential for debris

buildup on the bridges, tests were accomplished to determine the

effect of failures of bridge B-4 and B-10 upon channel flow condi-

tions. Tests were accomplished with the bridges either on their

side (photograph 27) or in an upright position (photograph 28)

within the channel. Flow conditions in the immediate vicinity of

the bridges with the design discharge and tailwater are shown in

photographs 29 and 30. Water surface profiles with the bridges

either on their sides or upright in the channel are shown on

plates 30 and 31, respectively.

Riprap Protection

17. The model was used to verify the riprap design between

stations 552+64 and 564+70 (100 feet downstream from bridge B-4).

The model riprap, which had a specific gravity of 2.64 and was

graded to simulate the prototype design gradation, was placed on

the 1V to 3H side slopes with a thickness of 24 inches. The

unprotected channel bottom was modeled as a moveable bed of pea

gravel. The criteria used to evaluate riprap performance was that

it must withstand a discharge of at least 52,800 cfs (00-year

flood) with the minimum tailwater condition simulated in the

model. The following three riprap sizes were tested: 18-inch

9



(D 5 0 =11.5 inch), 21-inch (D5 0 f12.6 inch), and 24-inch

(D5 0 =15.9 inch). With all three sizes tested, riprap failure

occurred near the left abutment of bridge B-4 (photograph 31).

The discharges at which the failure occurred were 54,000, 70,000,

and 71,000 cfs for the respective 18-, 21- and 24-inch riprap

sizes.

18. The original design was for grouted riprap in the channel

between stations 546+55 and 552+64. However, loosely placed

18-inch riprap was simulated in the model between stations 549+64

and 552+64 and successfully withstood discharges up to 71,000 cfs

with minimum tailwater.

10



Modifications Tested

Channel

19. Widening of the channel downstream from station 572+00

(bridge B-3) was evaluated as a method of reducing water surface

elevations at bridges B-5 and B-6. The widened channel was simu-

lated in the model by reducing tailwater at station 550+00. Tests

were accomplished with the tailwater reduced to computed eleva-

tions of 740.0 and 745.0 feet (1.3 feet below the design tail-

water) for discharges of 35,000 and 52,800 cfs, respectively.

This simulated channel widening resulted in a 0.6-foot reduction

in water surface elevation just upstream from bridge B-6 (plate

32).

20. The original channel design at bridge B-3 included

relocation of an existing Armco mill roadway passing beneath the

right span of the bridge (photograph 11). As shown on plates 33

and 34, the relocation had no appreciable affect on flow condi-

tions and was therefore not included in the final design.

21. The original design was modified between stations 546+55

and 552+64 during the model studies by extending the concrete

section from station 546+55 to station 546+85, by shortening the

transition between the concrete section and the riprap section

from 609 feet to 125 feet, by reducing the height of the left bank

slope to only the elevation of the existing sewer pipe, and by

replacing the grouted riprap with loosely placed riprap (plate 35

and photograph 32). The 24-inch-thick riprap blanket (21-inch

rock on the upstream 100 feet and 18-inch rock on the remainder)

was placed over a 24-inch bed of pea gravel to simulate a filter

to evaluate the potential for riprap failure resulting from leach-

ing of the filter. Previous tests of 18-inch riprap in the tran-

sition section indicated that the riprap would withstand discharges

up to 71,000 cfs (paragraph 18). With a discharge of 42,000 cfs

11



and design tailvater, the maximum bottom velocity measured in the

modified channel was 13 fps and occurred near the upstream end of

the riprapped section (plate 36). The maximum velocity was less

than 19 fps with a discharge of 52,800 cfs and minimum tailwater.

Failure of the riprap did not occur until velocities reached 19

and 20 fps for the 18- and 21-inch rock, respectively. The model

indicated that 18-inch rock was satisfactory throughout the entire

riprapped reach of the modified channel.

Bridges

22. Due to the relatively large head loss (2 to 4.4 feet

depending on tailwater) which occurred between bridges B-5 and B-6

with design discharge, primary attention was devoted to improving

flow conditions through tb;s reach of the channel. Various pier

nose shapes and guide vanes were tested on the existing piers of

the two bridges. Although the pier nose modifications created

some localized flow improvement, none created major improvement

across both bridges. With the original-design channel geometry,

removal of the bridge piers from the flow decreased the head loss

between bridges B-5 and B-6 to 0.5 and 1.9 feet at design dis-

charge with design and minimum tailwater, respectively. With the

center pier of bridge B-6 modified to include two circular col-

umns, the head loss across bridges B-5 and B-6 with design condi-

tions was only reduced 0.3 foot from that which occurred with the

existing pier. The modification resulted in reducing the water

level differential from side to side of the bridge piers from 9 to

6 feet at bridge B-5 and from 5 to 2 feet at bridge B-6, as

compared to the original-design pier shape.

23. Following the channel modification discussed in paragraph

21, further studies were accomplished to evaluate flow improvement

modifications at bridges B-4, B-5, and B-6. Water surface pro-

files in the modified channel from downstream of bridge B-4 to

12



upstream of bridge B-6 were determined with the existing bridges

(plate 37) and with various combinations of bridge modifications

including (1) improvement (photograph 33) and removal of piers at

bridges B-5 and B-6, (2) addition of end spans at bridge B-4

(photograph 34), and (3) addition of streamlined cowls on the

upstream bottom girder of the bridges. Plates 38 through 44 and

photographs 35 through 43 show water surface profiles and flow

conditions with the various improvements tested in the model. As

shown in table 1, the largest decrease in water level upstream of

bridge B-6 (2.2 feet at design discharge) resulted when the piers

of bridges B-5 and B-6 were removed from the flow. Modification

of the B-5 and B-6 bridge piers was also relatively successful in

decreasing water levels upstream of bridge B-6. Neither addition

of end spans to bridge B-4 nor streamlining the upstream bottom

girder of the three bridges with 3.5 feet radius quarter-round

sections were effective. Cross sectional velocity distribution

through bridges B-5 and B-6 with the design discharge (design and

minimum tailwater) with bridge piers removed from the flow and

with the bridge B-6 pier improved is shown on plates 46 through

48. The water surface profiles along both sides of bridges B-5

and B-6 bridge piers with the B-6 pier improvement are shown on

plates 49 and 50 for the design discharge condition with design

and minimum tailwater, respectively. Plate 51 illustrates the

bridge B-4 cross-sectional water surface profile with end spans

added to the bridge.

13



PART IV: SUMMARY

24. A 1:40-scale model was used to verify design of the

proposed Blue River channel improvement project. The model

simulated a length of approximately 10,770 feet of channel and 11

bridges with piers and abutments.

25. Initial tests revealed that large head losses occurred

through the channel reach between bridges B-5 and B-6. Various

bridge pier modifications were tested to improve this condi-

tion-the most successful being removal of the bridge piers from

the flow.

26. Moveable-bed modeling was used to evaluate the ability of

the design riprap to withstand design flow conditions. The model

showed that the riprap size proposed was satisfactory and

indicated areas where grouted riprap could be replaced with

loosely placed riprap.

14



TABLE 1

DECREASE IN WAIER LEVEL UPSTREAM FROM

BRIDGE B-6 RESULTING FROM

VARIOUS BRIDGE MODIFICATIONS

Decrease from existing, feet

Modification Discharge, cfs

35,000 42,000 52,800

B-4, added end spans 0.2 0.4 0.2

B-4 end spans; B-5 and B-6
pier modification 1.0 0.9 1.0

B-5 pier modification 0.6 0.8 0.4

B-6 pier modification 0.8 0.6 0.2

B-5 and B-6 pier modification 0.9 0.9 0.5

B-5 and B-6 pier removed

from flow 2.2 2.8 3.6

B-4, B-5, B-6 cowled girder 0.1 0.2

B-4, B-5, B-6 cowled girder;
B-5 and B-6 pier modifi-
cation 0.8 1.0 0.7

TABLE 1

_D1N_ PAGE BL-AI"-H4 TIUM



Looking downstream

Looking upstream

Photograph 1. Blue River Channel model (before final
roughness adjustment for verification,
bridge superstructure removed to show
piers)
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Photograph 2. Bridge B-10 and adjacent channel
Electric furnace building in background
(upper right)
(Before final roughness adjustment for
verification)



Photograph 3. Bridges B-9 and B-9A and adjacent channel
(before final roughness adjustment for
verification)



Independence Avenue GveLPass und Lallyard
Looking downstreaii

Bridges B-7B and B-8 (Independence Avenue)
and adjacent channel anid overbank,

independence Avenue ovei pass in background

Photograph 4. Station 512+00 to 522+00 (before final
toughness adjustment I-or verification)



Transition in left center, bridges B-9 and B-9A
and rock shell channel in foreground, electric

furnace building in center

t.I

1 7

Transition and adjacent overbank

Photograph 5. Transition from rock shell to concrete
channel (before final roughness adjustment
for verification)



Lookin~ downstream

Looking upstream

Photograph 6. Bridges B-7B and B-B and adjacent channel



IMM

Photograph 7. Bridges B-7 and B-7A and adjacent channel,
rolling mill building and flood wall on
left bank (right side of photographs)
(before final roughness adjustment for
verification)



Atter verification of channel

Before veiification ot channel

Photograph 8. Bridges B-5 and B-6 and adjacent channel



Photograph 9. Transition and grouted riprap section
at downstream end of concrete channel



After verification of channel

Before verification of channel

Photograph 10. Bridge B-4 and adjacent channel
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Looking downstream

Looking upstream

Photograph 11. Bridge B-3 and adjacent channel



Photograph 12. Verified concrete channel at station
535+00, rolling mill building and flood
wall in foreground
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Upstream from bridge B-10

From bridge B-10 to B-8

Photograph 14. Flow conditions with discharge of 35,000 cfs
and Missouri River at 10-year discharge



From bridge B-8 to B-7
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From bridge B-7 to B-6

Photograph 15. Flow conditions with discharge of 35,000 cfs

and Missouri River at 10-year discharge
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Upstream from bridge B-10

From bridge B-10 to B-8

Photograph 17. Flow conditions with discharge of 42,000 cfs
and Missouri River at 10-year discharge
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From bd B- to B-7 I II

From bridge B-8 to B-7

From bridge B-7 to B-5

Photograph 18. Flow conditions with discharge of 42,000 cfs
and Missouri River at 10-year discharge



From bridge B-5 to B-4

At bridges B-4 and B-3

Photograph 19. Flow conditions with discharge of 42,000 cfs
and Missouri River at 10-year discharge



Upstream from bridge B-10

/ ,

From bridge B-10 to B-8

Photograph 20. Flow conditions with discharge cr
cfs and Missouri River at 10-ye i
discharge



From bridge B-8 to B-7

From bridge B-7 to B-5

Photograph 21. Flow conditions with discharge of 52,800 cfs
and Missouri River at 10-year discharge



From bridge B-5 to B-3

At bridge B-4

Photograph 22. Flow conditions with discharge of 52,800 cfs
and Missouri River at 10-year discharge



Bridge B-4

Bridges B-5 and B3-6

Photograph 23. Flow conditions with discharge of 35,000 cfs
and Missouri River at 10-year discharge



Bridge B-10

Photograph 24. Flow conditions with discharge of 35,000
cfs and Missouri River at 10-year
discharge



Lookingy downstream

1Lo oki n ( u 1 6t ie a tt

Photograph 25. FIltw arulind existing piers of bridges B-5
and t3 6, discharge ot 35,000 cfs with
Misiioiiri River at 10-year discharge



Looking downstream

Looking upstream

Photograph 26. Flow around existing piers of bridges B-5
and B-6, discharge of 35,000 cfs with
minimum tailwater
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Bridge B-4

Bridge B 10

Photograph 27. Bridges bwept from piers into channel on
their sides
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Bridge B-4

Bridge B-10

Photograph 28. Bridges swept from piers into channel in
upright position



Bridge B-4

Bridge B-1O

Photograph 29. Bridges swept from piers into channel on
their sides. Discharge of 35,000 cfs with
M'issouri River at 10-year discharge.
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BL idoe B-4
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Br P - 10

Photograph 30. Btridqtv . zwt' pt irn piers into channel in
upt iglt pu->it mul. Discharge of 35,000 cfs
withi Mtsuucri Piver cit 20--year discharge.



Looking downstream

I/Aftr

Looking upstream

Photograph 31. Failure of 18-inch riprap at left abutment
of bridge B-4 after a discharge of 54,000
cfs with minimum tailwater
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4

Photograph 32. Revi&'1- tton,,;iin and channel at downstream
end ot (clct a channel. Looking downstream,
iuperstilutUt Uf bridge B-5 removed.
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Proposed revision

Photograph 33. Piers of bridges B-5 and B-6. Looking
downstream, bridge B-6 in foreground.



Photograph 34. Revised bridge B-4 (end spans added) looking
downstream



Discharge 35,000 efs

4 %i

IDisclAwr~jc 52,800 (tz

Photograph 35. Flow curiditiuns at Lridges B-5 and B-6
with piers remioved from channel, Missouri
River at 10-year discharge (flow shown
liur top to botton. of photographs)



Discharge 35,000 cfs

Discharge 52,800 cts

Photograph 36. Flow conditions at bridges B-5 and B-6 with
revised piers of bridge P-5 and existing
piers of bridge B-6. Missouri River at 10-
year discharge.



Discharge 35,000 cfs

Discharge 52,800 cfs

Photograph 37. Flow conditions at bridges B-5 and B-6 with
revised piers of bridge B-6. Missouri River
at 10-year discharge.
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With existing bridge B-4

\1. *" -

With revised bridge B-4

Photograph 38. Flow conditions at bridges B-5 and B-6 with
revised piers of both bridges. Discharge of
35,000 cfs with Missouri River at 10-year
discharge.
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WJith existing bridge B--4

With revised bridge B-4

Photograph 39. Flow conditiuon6 at b'Lid~je., B-5 and B-6 with
revised piers ot both bridgjes. Discharge of
52,800 cf s with Missouri River at 10-year
discharge.



With existing bridge B-4

With revised bridge B-4

Photograph 40. Flow conditions at bridges B-5 and B-6
with existing piers, discharge of 42,000
cfs with Missouri River at 10-year
discharge
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With existing bridge B-4

With revised btidge B-A

Photograph 41. Flow conditions at bridges B-5 arnd B'-6 with
existing piers. Discharge of 52,800 cfs
with Missouri River att 10-year discharge.
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Discharge 35,000 cfs

owlU

Discharge 52,800 cts

Photograph 43. Flow conditions at bridges B-5 and B-6 with
streamlining cowl on bottom girders of
bridges B-4, B-5, and B-6. Missouri River
at 10-year discharge.



Looking downstream

f f
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Looking upstream

Photograph 44. Flow conditions at bridges B-5 and B-6 with
revised pier 2 of bridge B-6. Discharge of
35,000 cfs with Missouri River at 10-year
discharge.
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